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INTHODUCTION
The Problem
Justification for the Study
Present uses of wood in farm buiIdin^ construction* Wood
is still the most popular raeterial for farm building construc
tion. This is due largely to its availability, appearance,
and relatively low cost. Not to be overlooked as a factor in
the popularity of its use, however, is the comparative ease
with which it may be fabricated. Many farmers take pride in
constructing the buildings for their farmstead and consider it
an economical practice to design and errect their buildings
without the services of an architect. There is little likeli
hood that the use of wood will decline in the near future.
Hanarahan (9, P- 90^) says:
This war construction program has made
engineers familiar with wood and its
merits as a structural material. After
the war, this technical knowledge of
modern timber construction cannot do
otherwise than accelerate the trend,
evident before the war toward more wood
construction. That is, wood construction
will be considered on the basis of its
merits—not on the basis of prejudice
born of ignorance.
Our ancestors constructed their farm buildings from heavy
timbers with little regard for the efficient use of lumber.
As they did not know the optimum size of structural members
to use for a given loading condition they used members
excessive in size and strength. We have overcome this useless
waste of material to a great extent, but with rigid frame con
struction further improvement is still possible. On the eco
nomical use of lumber, Koehler (12, p.ix) has this to sayi
The more economical use of timber can be
accomplished through application of
accurate information regarding its possi
bilities and limitationg^ the relative
merits of the different kinds of wood and
their adaptability to different kinds of
treatment,
Weakness In wood construction. The joint has long been
recognized as the weak point of wood construction. The strength
of a beam may be ruaterially lessened because of ineffective
fastenings. While investigating the structural application of
glue in framing farm buildings, Giese (6,p.50) notedj
The greatest structural problem in the
use of wood is the development of tech
niques for fastening structural members
which can and will be used by rural
carpenters.
This difficulty in Joining wooden members is further
emphasized by the tremendous structural damage to farm build
ings due directly- to wind each year. This loss amnunted to
more than $2Q0,000 in Iowa alone during the year 1946 (23).
Use of glue to overcome this weakness. At present the only
means we have for fastening wooden members in such a way as to
utilize their full strength is by gluing them together. The
inherent strength of wood can never be realized through the use
of nails, bolts, or timer connectors, as part of the wood is
damaged or destroyed in their application. Fig, 1 shows a
-3-
comparlson of the strength and deformation of joints made
with glue, nails, bolts and timber connectors. This graph
shows at a glance that glue, which acts on the principle of
numerous small contacts spread over relatively large areas,
has great possibilities for use in joining structural members.
Also many interior supports, ties, and braces may be eliminated
simply by the use of glued gusset plates at joints.
There are some significant problems Involved in the use
of glue in farm buildine construction. The durability of
glue under farm conditions is questionable. Joints in farm
buildings are often exposed to alternate wetting and drying
as a result of exposure to the weather. Many nf the glues
are water soluble; still others are attacked by mold under
damp conditions. Can a farmer be sure that joints made with
glue will hold up over a period of years? Is it advisable to
use glue for joining v/ooden members as large as those used in
framing farm buildings? These are questions that must be
answered before any appreciable use can be made of glue by
farmers.
Statement of the Problem
A change in the moisture content of wood is accompanied
by a corresponding: change in its dimensions. Wood shrinks
when its moisture content is decreased and swells when its
moisture content is increased. All of this shrinking and
swelling takes place across the grain. The dimension of wood
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along the grain changes so little that such change may be
neglected without serious error.
When two wooden members of a given dimension are glued
together, the hardened glue film that bonds them together
resists any change in dimension of the members due to a
change in their moisture content. This resisting force acts
as a shearing stress on the glue line. It is conceivable
that the change in moisture content could be of sufficient
magnitude to cause failure of the glue joint if the result
ing shearing stress reached the ultimate strength of either
the glue or wood.
The purpose of this study was to investigate the effect
of changes in moisture content on the strength end durability
of glued joints made from lumber of various dimensions.
y^xnlenatlon of the Problem
Hygroscopicitv of v/ood. With a rise in temperature or
a reduction in the relative humidity of the air, wood has a
tendency to ?ive up its moisture; whereas, with a drop in
temperature or an increase in the relative humidity of the
air, the same wood will absorb moisture from the air. This
property of wood whereby it takes moisture from the air or
gives up moisture to the air is known as its hygroscopicity.
Thus, hygroscopicity of wood may be thought of as its affinity
for water (10, p.15).
However dry it may be,' wood always remains a hygroscopic
-6-
substance. It is slivays striving to attain equilibrium
with the .?ir surrounding it. If a piece of Ti?ood is moved
from a dry atmosphere to a damp one, it ^vill absorb moisture
and swell. If it is moved from a damp atmosphere to a dry
one, it will lose moisture and shrink. "While lumber is sel
dom moved from one climate to another, this same effect is
produced by the incessant changing of atmospheric conditions.
Under constant atmospheric conditions, wood will absorb or
give up moisture until a balance is reached when no further
change takes place. However, this process of absorbing or
losing moisture is rather slow, and timber seldom attains
complete equilibrium with the atmosphere which changes its
state from hour to hour (l,p.98).
It has been stated that the moisture content of wood
varies with the temperature and relative humidity of the air.
Fig. 2 shows this relationship graphically. It is seen in
this figure that the relative humidity has a great effect on
the moisture content of timber while the temperature has
much less effect.
It is interesting to note that while the species of wood
affects the rate of absorption of moisture from the air, it
apparently does not affect the amount absorbed (12,p.42).
For example, if a block of wood is placed in an atmosphere
with a relative humidity of 60 per cent and a temperature of
63^.» it will in time attain a moisture content of 11 per
cent regardless of species.
-7-
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Climatic conditions in the 'Jnlted States affecting the
moisture content of v;ood in buildings. Depending upon the
protective coating given it, lumber exposed to rain may reach
a very high moisture content. However, most joints in farm
buildings are protected from rain. As noted in Fig. 2, the
moisture content of such joints is dependent upon the temper
ature and relative humidity of the air immediately surrounding
them.
Climatic conditions vary so widely throughout the United
States that there is no hope of selectin,^ an average climate
for the entire country. The important factor in this study
is not the differences that exist throughout the country, but
the changes that occur at any ^iven locality, A study of
climatic conditions of the United States (29) reveals that
most localities change from a relatively low temperature and
high relative humidity during the winter months to a higher
temperature and lower relative humidity during the summer
months.
While the moisture content of lumber in every area does
not follow a yearly cycle, it does approximate such. Though
it may fluctuate between high and low several times during
the year, the moisture content is always lowest in the summer
months when the temperature is highest ana the relative
humidity is lowest; it is always highest in the winter months
when the temperature is lowest and the relative humidity is
highest. So, generally speaking, the moisture content of
-.O-
lumber does follow a yearly cycle, though the range of this
cycle may vary from year to year. It should be pointed out
that the above conditions apply only to buildings that have
access to outside air and have no heat in them.
The climate in the area of Des Moines, Iowa, was used
for this study. The average temperature and relative humidity
for each month in this area were determined for a period of
thirty-three years snd these data are given in Table I,
The corresponding variation in the equilibrium moisture con
tent of lumber in this climate is shown in Fig, As these
data are based on the average conditions prevailing over a
number of yearsy it is evident thst the conditions for any one
year may differ quite markedly from those shown in this figure.
Thus, while the average yearly range of change in moisture
content varies from 12 to 16.2 per cent, the range for any one
year may be somewhat greater than this.
Dimensional changes of vood resulting from changes in
moisture content. Moisture is contained in v/ood in tvjo wavss
free water T'hich Is held in the cell cavities and hygroscopic
water which is held within the cell walls. When wood dries,
the moisture first leaves the cell cavities. After these are
empty, the cell walls begin to give up their water. The con
dition in which the cell cavities are empty but the cell walls
are fully saturated is knoym as the fiber-saturation point.
It is not until this point is reached in drying that wood
begins to shrink in size. Conversely, when dry wood becomes
-10-
Xable I
The Averaj^e Monthly Temperature and Relative Humidity for
Des Moines, Iowa, Over a Period of Several Years
Month Tempera ture* Relative
humid Ity**
Degrees F. Per cent
Jan. 20.1 79
Feb, 23.1 77.5
Mar. 36.3 72
Apr. 50.3 66
May 61.2 66.5
June 70.5 69
July 75.4 66.5
Aug. 73.3 69.5
Sept. 65.1 73
Oct. 53.5 69.5
Nov. 38.4 72
Dec, 25.8 77.5
* The values given are the averaj^e temperature for each
month over a period of 42 years prior to 1926.
**The values given are the average relative humidity each
month over a period of 33 years prior to 1926.
-11-
wet, it swells or expands in size until the fiber-saturation
point is reached. Beyond t'nis point an increase in moisture
content does not cause a corresponding increase in size. The
fiber-saturation point varies with the species, ranging from
20 to 35 per cent moisture content for the different species
of trees in the United States.
A change in moisture content of lumber affects glue
joints only in so far as it causes the wood to shrink or swell,
The relation between the change in dimension of -wood relative
to a change in its moisture content is phown in Fig. 4 (8),
The curve in this figure is for western larch lumber, but
other species have similar curves.
The fiber-saturation point of Douglas fir, coast type,
is at 24 per cent moisture content. It shrinks 4,9 per cent
radially (across the grain) and 7.7 per cent tangentially
(parallel to the grain) in drying from the green to oven-dry
condition. These values are based on the dimensions when
green (14). As the variation of shrinkage with respect to
change in moisture content is practically a straight line as
seen in Fig. 4, the values calculated for the change in
dimension of Douglas fir in drying from 16.2 to 12 per cent
moisture content are 0.8 per cent radially and 1.3 per cent
tsngentially. This means that a 2x8 flat-sawn member in
drying from 16,2 to 12 per cent moisture content v/ould become
a 1.98 X 7.9 member. While it is seen that this change in
dimension is not large for such a small variation in moisture
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content, it might Tsell be large enough to cause serious in
ternal stresses to be exerted on the glue line.
Not only does wood shrink as it dries, but there is also
a tendency for it to warp or cup. As stated above, Douglas fir
does not shrink equally in all directions. All species of wood
shrink more in the direction tangent to the grain than they do
in the direction across the grain. It is obvious that this
unequal shrinkage tends to cause the member to warp unless it
is savm so that the grain runs exactly parallel to the sides
of the member. It is a simple matter to predict the direction
of warp for any indiviiiual member, but the magnitude is very
unpredictable. Warping of the members of a glued joint would
result in a tensile stres?. being placed on the glue line. As
wood is very weak in tension perpendicular to the grain, the
stress due to warping could cause deterioration, if not failure,
of the ^oint.
Therna 1 exD?insion of wood. If absolutely dry iivood is
heated in absolutely dry air, the ;\ood expands. Different
investigators are not in close agreement in their values for
the thermal expansion of wood, but they do agree that the ex
pansion across the grain is much greater than along the grain.
Markwardt (13) gives values for the coefflGient of thermal ex
pansion of wood per degree Fahrenheit ranging from 1.1(10)"^
for yellow birch to for black walnut parallel to the
direction of the fibers; and from 1«4^(10)~5 for yellov/ birch
to 3.4C10)"5 for American beech across the grain. This
-14-
expansion across the grain is many times greater than the
expansion of steel v^hich has a coefficient of thermal ex
pansion of 6.5(10)"^.
Under ordinary conditions wood contains some moisture,
so the application of heat has a drying effect which is
accompanied by shrinlcage. The magnitude of this shrinkage
due to a loss of moisture is so much greater than the ex
pansion due to the heat that the latter is obscured and may
be disregarded altogether in this study (19)«
-15-
Review of Li tera tnre 
Historical 
The use of adhesiv3s stRrted wit~ the first developments 
of human increnuity (2 , p . L"<) . s~liva , resins , bituminous earth, 
and wax of ·11ild bees P8V~ the first adhesiv~c:; to ma.n . hethe r 
t~e use of glue for holdin~ wood ~arts together came before 
metallic fAsteners , '"'nch as nails , is not 1nnwn, but it is 
an interestin soecnl8.t1on . T ':? B1bylonians used bituminous 
cements as a glue over 6 , 000 years ago . The medieval set - back 
in technic~J culture brou,,.11t the use nf adhesives to a stand -
still until the p~rioo of the Renaissa~ce . The firs t com-
merciR l glue plant was founded in rolland in 1600. The United 
StPtes es ta bl i shed its first gl·rn factnry qround 1808. Since 
1875 when it 11as f i rst used in laminating tl in wocx1 1-::yers , 
glue has found incrPasing use as a fastener for ·:1ood . 
Ty pPs ~ Glues 
The ~ener?l cnnception of an adhesive is that it is a 
subs t'1nce "'noli~d Pc; '-! n interoed ia t.e layer between two surfaces 
to stick these to 1?2c!i other (21 , .vii ). 'l'he term 0 glue 11 
implies that it is a substi.:tnce of a st ic ky nature . 
There are many tyoes nf glues th~t may be used for gluing 
~ood . The most wi dely used ones may be clPssified -cc or ding 
to their 0riP'in -:is follo\11 s : ani mal , v egetahle , casein , and 
synthetic - resin glues . Only casein and the svnthetic - resin 
-16-
glues will be considered in this study since both the animal
snd vegetable glues have little resistance to mois'ture and
weaken rapidly under severe exposure.
Casein ^lue. Prepared casein glue is supplied in powder
form and when mixed with water is ready for use. It sets as
a result of chemical action as well as by the loss of moisture
to the wood ^.nd air. This powder is made from the dried curd
of sour skimmed milk by the addition of lime and several alka
line solvents or salts. In the construction industry the
versatility of casein glue gives it a wide range of applica
tion, because it can be mixed and used in any temperature in
which men can work providing it is not too close to freezing.
It is water resistant, moderately durable under damp conditions,
and sets without the application of heat. The mixed glue has
a usable life of from four to eight h:~»urs.
Joints made with casein glue weaken rapidly under con
tinuous exposure involving high humidities, this glue is
not recommended where the relative humidity is 90 P®r cent or
higher for appreciable periods (28), Also, as casein is a
protein material, the glue is attacked and damaged by mold
and fungus growths. If the joints are well-made, casein glue
will develop the full strength of the wood.
Svnthetlc-resin glues. There are many different syn
thetic resin glues whose chsracteristics vary greatly. The
most popular ones for gluing v/ood may be divided into four
classes: urea-formaldehyde resins, phenol-formaldehyde resins,
-17"
resorcinol-formaldehyde resins, and melamine-formaldehyde
reslns» The resorcinol- and urea-resin glues are better
adapted to farm use as they set at room temperature. The
other two glues require higher temperatures during the
curing period. V?hen urea-resin glue is used, the glue line
must be very thin; otherwise, the glue will crumble and the
joint fail. A high pressure mugt be raaintsined on the glue
line during the curring process in order that it be suf
ficiently thin. Resorcinol-resin glue does not crumble in
comparatively thick glue lines, but forms a smooth, plastic
like mass; hence, less pressure is required during the period
while it is setting.
Resorcinol-resin is the most popular glue of the entire
group for farm use, because it combines the moderate-temperature
curing requirements of the urea resins and the high-quality
and durability characteristics of the phenol resins (28).
These resins are produced by the reaction of resorcinol with
formaldehyde and are marketed as liquids consisting of partly
polymerized resin in a v/ater-alcohol solution. A hardener,
usually para-formaldehyde, and a filler, commonly walnut-shell
flour, are mixed with the resin prior to use. The glue is
dark red and makes dark joints when set. As a class, resorcin
ol-resin glue joints are extremely durable over a wide range
of moisture and temperature conditions. They are not attacked
by micro-organisms and are highly durable under such adverse
conditions as continuous soaking in fresh or salt water,
-18-
continuous exposure at high humidity, cyclic exposures in
volving wetting and drying, and exposure to high temperatures
at low and high humidities.
The main disadvantage of the synthetic-resin glues is
their relatively high cost as compared with other glues.
Structural Apolication of Glue in Farm Buildings
Glue has been used in structural framing in Europe since
the beginning of this century. Although its use has held a
prominent place in furniture mflnufacturing in this country for
many years, glue has been ^iven little attention in building
construction. Until recently the glue manufacturers dis
couraged this use for their product, because they maintained
that good glue joints could not be made under field conditions.
The reason for their belief was that they considered a high
temperature and pressure on the glue line as being absolutely
essential for several hours while the glue was setting or
hardening. They maintained further that the surfaces to be
glued should be perfectly smooth, and there was little likeli
hood that a farmer v;ould take such care in preparing wood for
gluing.
Due almost wholly to the efforts of Professor Henry Giese
of the Agricultural Engineering Department, Iowa State College,
an attempt has been made to use glue to supplement the poor
fastening devices, nails and bolts, in wood framing. Since
1930? several research projects on the use of glue in framing
-19-
farm structures have been carried on under his supervision.
These projects, a summary of ^Ich is given belov;, have
supplied much concrete information that is invaluable in
timber construction.
Laminated rafters. Probably the first application of
glue for farm building construction v/as made in the gothic-
roofed barn. Originally, the rafters for this type roof were
sawn in short segments from solid timber and these segments
pieced together. Later they were made more easily by nailing
together several plies of thin lumber, usually 1x4. Experi
ence proved, however, that these rafters were not capable of
withstanding the load to which they v/ere subjected. Practi
cally every gothic roof sagged near the center of the ridge
line soon after construction. This sag,eing of the roof was
due to the inability oi the nails holding the laminations
together to carry the horizontal shearing stress placed on
the rafters. As ths nails yielded, the laminations could
slip over each other so they no longer acted as a unit but as
individual members. Consequently, the weakened rafters
sagged under load.
After efforts to provide structural stability in other
ways, Giese (6) conceived the idea of using glue betv/een the
laminations. This was an ideal place to test the use of glue;
for, if the glue did fail in time, the rafters would still be
no worse off than those in common use. Casein glue v/as applied
in a manner v/hlch might be expected to be used by farmers, in
-20-
a strip down the center of the laminations with no pressure
other than that furnished by the nails. Bending tests made
on these glued rafters showed that the elue was effective in
carrying the shearing stresses involved, and the test beams
compared favorably with solid members. Tests made on some
of the rafters vjhicb v;ere stored in an unheated shed for
seven years showed no deterioration of the .^lue joints.
On the field application of iT-lue, the following con
clusion was .^iven on the basis of these testss
The horizontal shearing strength of glue
compares favorably to gluing specifications
despite the fact that it was applied to
little more than one-half the width of the
board and the laminations were nailed
together without the use of clamps. (6,p.48)
These tests set a precedent for many more application
of glue in framing farm buildings.
Recently, the United States Forest Pr-oducts Laboratory
(28) completed a manual on laminating of structural timber
products by gluing. This publication describes In detail the
selection and preparation of lumber for lamin-T-ting, the laminat
ing procedure, curing process, plant snd machinery require
ments for laminating operstlon, and inspection and testing of
the product. As a result of their work, procedures have been
developed for the fabrication of laminated timbers, the bond
ing of which is capable of withstanding all conditions of
exposure that the wood Itself will wlthst.^nd.
The greatest advantage of laminated timbers is the great
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saving in lumber they afford. They can be produced from low
grade lumber simply by cuttini^ out the defects.
The braced rafter roof. In t^-'is study Pickard (18) in-
vestigpted the possibilities of usiis^ glue at the joints of
the rafters. He used 2x6 ^^nd 2x8 lumber v^hich are the sizes
normally used for barn rafters, A comparisnn of the strength
rel_-tions of ^^lued, rln^-connected, bolted and nailed joints
was made, F:nd his findings are shovm in Fi^, 1, As a result
of these tests, he found:
Tests of joints and rafters indicate the
probability of extensive use of casein
glue and modern connectors in farm building
construction. Rafters in which casein
glue or modern connectors were used with
the new system of bracing showed ultimate
strengths from 2 to J times the strength
of various conventional designs. (l8,p.98)
Pickard found also that gluing makes a aiuch more ri!=:id
joint than other mett-ods of fastening. This is due to the
fact that glued joints do not slip or yield until a load
almost as great as their ultimate load is placed on them.
This characteristic of glued joints makes it possible to
approach rigid frame construction using wood.
^i^id frame construction. Kice (20) made a study to
determine the advantages of rigid frame construction in farm
structures. In his study he analyzed the three-rafter gambrel
roof as a three hinged arch and as s rigid frame frr both
dead and 7Jind loads. The bending moments developed by the
loads applied in the analyses gave a comparison of rigid frame
and three hinged arch construction. The rigid frame was made
by using gusset plates glued and nailed to the rafter splices
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and at the mow floor line where the rafter is fastened to the
stud. Eased on the results of these tests, the following
conclusion was advrtnceds
The test substantiates the advantages of
rigid frame construction. There were no
failures of the glued and nailed rafter
splices even in the tests on the three
hinged arches. (20jp.74)
By use of the rigid frame, Rice eliminated the brace from
the plate to the hay mow floor as well as the long ties at
the rafter splices,
Crawford (4) extended this study of rigid frames to tests
of corn crib sections. In some of his tests the studs were
glued to the sills. Wedges made by ripping a 1x1 in. piece
of wood in half on the diagonal were fitted at the outside
edge of the stud to keep it from kicking out. He found that
gluing the stud joint as well as placing a wedge strip on the
outside of the stud increased the strength of the joint.
Joints made in this manner were capable of carrying a fixed
end moment; whereas, joints made in the conventional manner
by toenailing the stud to the sill behaved much as a support
and did not have a resisting moment at the end.
In his work on the structural requirements of grain
storage buildings, Richardson (22) studied the use of glue
and modern timber connectors in framing that structure. He
found that joints made with glue and nails had a greater
resisting strength in most instances than the members them
selves. Glue and nails used together were far superior to
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nails used alone for Joining the structur?! members.
Glued .joints in tension. Many Joints in farm buildings
must be made by Joinln,^ the end grain of one member to the
side grain of another member, og., stud to sill joint.
Using Douglas fir lumber and resorcinol-resin glue, Richards
(21) constructed Joints that developed strengths greater than
the allowable working stress of the wood when tested in tension.
For end grain to end grain Joints, he found the average
strength to be 241 lbs, per square inch of glue area or
14.5 per cent of the working strength of Douglas fir lumber
in tension parallel to the grain. Using a scarfed end grain
to end grain Joint with a slope of 1:4, he developed the full
strength of the members.
Durability of Glued" Joints
In 1936 Yfilson (31) visited in Europe about ^0 structures
embodying glue laminated construction and varying in age up to
25 years. The glued members were inspected to determine the
extent of decay, checking, opening of glued Joints, deterio
ration of glue, and change in shape of the member. As a
result of his observations, Wilson stated:
The observations . . . point to long
life for members laminated with casein
glue v/hen used in buildings in which
normal atmospheric conditions prevail.
From experience to date it seems safe to
assume that casein glued laminated con
struction will last as long as solid
wooden members of any but the more durable
species or of oreservatively treated
material. (31,p.95)
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In his study of the effect of a change In moisture
content on the strength of members glued with their grains
parallel, Fry (5) found that joints made with casein glue
and Douglas fir lumber would resist the allowable shearing
stress of the lumber for a reasonable change in moisture
content. However, he found that shrinkage along the glued
face of a joint reduced the maximum strength of the joint
even though both members shrank approximately the same
amount.
Fry also investigated the effect of the slope of growth
rings Tvith respect tn the glue face on the strength of the
joint. Although he determined that this variable did affect
the strength of a joint, the accuracy of his study was not
such that he could draw any definite conclusions.
In their tests of long-term exposures on glue joints in
laminated beams, Traux and Selbo (26) observed the effect of
weathering on laminated White oak beams. These beams were
6x6 and 8x10 inches in cross section and about 4 feet long.
After a protective coating was applied to one end of the
beams, they were placed on racks and subjected to outdoor
exposure for a period of 4 years. Each year the unpainted
end of each beam v/as inspected for delaminstion. In many
cases the beams developed large amounts of open glue joints.
The glue joints that showed little or no opening during the
first year usually remained in about the same condition
throughout the several years of exposure. Extensive block-
•
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shear tests were made on many of the "beams during the ex
posure period. However, these tests were not considered as
reliable an indication of joint durability as the percentage
of delamination. The estimated wood failures in the block-
shear tests were found to be a better indication of dura
bility than the shear strength values of the joints. These
tests have not been in progress long enough to draw any
definite conclusions, but results to date Indicate that ex
posure to v/eather has a great effect on the durability of
glue joints.
Gluing Procedure
How glue sticks. There are two generally accepted
theories as to how glue bonds two objects together (17,p.17).
These theories are discussed briefly below.
Mechanical adhesions One of the oldest and most v/idely
accepted views about the adhesion of glue is that it sticks to
wood because it eains access, while fluid, to the cavities of
the wood structure and then solidifies. The resulting strength
of the joint is credited to the intertwining or interlocking
of the two strong solids, wood and glue.
Specific adhesionj Two smooth surfaces like glass or
polished metals can be made to adhere with certain types of
glue. It is also a well-known fact that wood surfaces which
are made almost as smooth as glass can be satisfactorily
glued together. This suggests quite clearly another form of
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adhesion, which is termed specific adhesion, independent of
any protrusions of adhesive branches into the surfaces that
are glued together.
In adhesion between two pieces of wood, both tnechanical
adhesion and specific adhesion are essential if a serviceable
glue joint is to be obtained. The combination is stronger than
either type singly.
Condition of wocd. Practically every species of wood
commonly used in the United States can be glued successfully.
The condition of the wood at the time of gluing greatly af
fects the strength of the joint.
Traux (25) states that the moisture content of wood for
gluing should be as near as practicable to the moisture
content of the finished article, because moisture changes in
glued wood induce stresses which favor warping and checking.
Since these stresses reduce the strength of glued joints,
they should be avoided as much as possible. Skinner (23)
found that joints made rith resorcinol-resin glue and Douglas
fir lumber at 16 per cent moisture content were approximately
as strong as similar joints made from wood at 7 per cent
moisture content. Joints made with the wood at a moisture
content of 30 per cent and tested at 22 per cent were ap
proximately 70 per cent as strong as those made from the
drier wood. These tests show that glue joints may be suc
cessfully made under field conditions over a wide range in
moisture content.
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The condition of the surface of the wood also affects
the strength of glued joints. Glue manufacturers have always
maintained that only very smooth surfaces could be glued suc
cessfully. Skinner (23) tested glue joints made from un-
surfaced lumber under field conditions of assembly. Such
joints gave approximately 60 per cent as much strength as
similar joints made from surfaced lumber. However, such
joints reouired from 2 to 3 times as much glue as the recom
mended spread for smooth surfaces. On the basis of these
facts, Skinner concludedt
It is recommended that if a considerable
amount of glue joint fabrication is to be
undertaken, surfaced lumber be used or
that rou^h lumber be prepared for gluin-'^
by planing. (23 p.46)
In a study of methods of preparing surfaces for gluing,
ITaxwell (16) found that planed surfaces ,^ave stronger joints
than those made from wood whose surface was sanded, sawn,
burnished, or combed.
Assembly period. The assembly period of a joint is the
time from the spreading of the first surface to the appli
cation of pressure. If the glue-spread surfaces are in
contact from the time the glue is spread until the pressure
is applied, the process is called "closed assembly**, con
struction. "Open assembly" construction results when the
glue-spread surfaces are left exposed until the pressure is
to be applied. The allowable length of the assembly period
varies with several factors such ass type of glue used.
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species of vsood, moisture content of wood, and temperature
of assembly. Xn their study to determine the optimum length
of assembly period for twelve synthetic-resin glues, the
United States Forest Products laboratory (27) found that
satisfactory results were obtained using assembly periods
varying from 3 to 120 minutes for most of the glues tested.
This "Wide range in the allowable assembly time makes it
possible to fabricate several ?lue Joints at one time.
Apolication of pressure. The functions of pressure on
a glue joint include smoothiri'T; the glue to form a continuous
uniformly thin film between the v/ood layers, bringini; the wood
surfaces into intimate contact with the glue, end holding
them in this position while the glue sets. Insufficient
pressure often results in thick glue lines that are unde
sirable regardless of the type of glue used (28). A thin
glue line is not so essential with the synthetic-resin glues
of the '*gap-filling" class. These glues are capable of
forming successful joints with the ?lue line up to 0.0?
inch in thickness (11).
Maxwell (I6) states that pressure would be unnecessary
in gluing if optically—smooth surfaces could be prepared for
wood. Since this condition is never attained, some pressure
is always necessary.
In their study to determine if sufficient pressure could
be obtained simply by nailin? the members to^Tether, Giese and
Henderson (7) found that joints In which pressure was supplied
by the use of sevenpenny box nails were just as strong as
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those in which pressure was applied "by the use of clamps.
Maxwell checked these results in his study. He found that
the increase in strength due to an increase in pressure beyond
25 lbs. per square inch did not justify the additional v;ork
involved.
Curing t3roGedure. The time required for glue to harden
depends upon the moisture content of the wood 9t the tiaie of
gluing, the kind of glue used, and the temperature at which
the wood is kept.
Giese and Henderson (7) found that joints made with
casein glue from 1x4 and 2x4 lumber were as strong after
18 hours as similar joints were after curing for 10 days.
If nails are used for holding the joint during curing, in
many instances erection can take place immediately after
assembly. This eliminates the curing period thus speeding
construction.
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THE IMVE3TIGATI0N
Tests
Ob.iectives of the Study
The specific objectives of this study were*
1. To determine the effect of expansion, contraction,
and warping on the strength of glued joints of
wooden members when the joints are made with the
grain of the members other than parallel,
2. To determine the effect of expansion, contraction,
and warping on the durability of joints made as
described above.
3. To determine the relation between the thickness of
the members and the loss of strength and durability
of the joint,
4. To determine the relation between the width of the
members and the loss of strength and durability of
the joint,
5. To determine the effect of the number of cycles of
expansion and contraction on the strength and
durability of joints in this test.
6. To determine the value of sawing kerfs in the
members prior to making the joint.
Method of Procedure
Construction of .joints. The glue joints tested in this
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study were made from No, 1 Common Douglas fir lumber which had
been surfaced on four sides. As the effect of the thickness
and width of the members was to be studied, several different
sizes of lumber were used in making the joints. The following
sizes were selected because they are commonly used in most
farm buildings; 1x4, 1x6, 1x8, 2x4, 2x6, and 2x8.
Kerfs were sawn in half of the Joints made from the 2-inch
lumber. These kerfs, Vi-hich may be seen in Fie. 5, were sawn
parallel to the grain about one-hsl^ the depth of the member
and approximately one and one-half inches apart. It was
thought that these kerfs would greatly reduce the ability of
the members to warp. The effective depth for warping of the
kerfed members would be reduced by one-half. It is evident
that a 1-lnch member exerts much less force in warpine than a
2-inch member.
The Joints were made by placing the grains of the members
perpendicular to each other. Thus, the glue area of each
joint was equal to the square of the width of the members from
which the joint was made. It is evident that joints made with
the grain placed in this manner are subjected to the maximum
internal stresses on the glue line due to changes in moisture
content. The moisture content of the lumber ranged from 12
to 16 per cent at the time of gluing.
Resorcinol-resin slue was used in making the joints
because of its high resistance to moisture and decay. The
glue was mixed by hand in the following proportions by weight*
(a), Dc4j 2x6, and 2x8
plain joints
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(b), 2x4, 2x6, and 2x8
kerfec joints
(c). 1x6, and 1x8 joints
Fi^. 5» Joints used for studying effect of
moisture content changes
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Cascophen RS-216M 100 parts
Catalyst FM-60 20 "
Glufll extender 6 "
Water 1? "
The extender, a flour made frnm walnut shells, makes the glue
more economical and also aids its gap-filling properties.
The glue was applied to both members of each joint with
a stiff bristled paint brush. The joints were assembled im
mediately, and pressure was applied through the use of 7d box
nails at the rate of one nail for each 4 square inches of
glue area. The joints were given a minimum of 14 days for the
glue to harden before they were tested.
Changes in moisture content. As shown in Fig. 3 "the
average yearly ran^e in moisture content of lumber in unheated
buildings in the area of Des Moines, Iowa, is from 12 to 16.2
percent. Since the range for an unusual year may be somewhat
greater than this average, it was decided to use a range from
9 to 19 per cent for this test. This range is 3 cent
above and below the extremes for a normal year and should
allow for the most unusual years.
To study the effect of the number of cycles of change in
moisture content on the durability of glue joints, it was
decided that one group of joints would be carried through one
cycle and a second group through three cycles. It was hoped
that as a result of this study some prediction could be made
concerning the expected life of a glue joint of a given
dimension#
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The moisture content of the Joints was reduced by leaving
them inside the Agricultural Engineering Shop where the Inside
temperature averaged about 6?^. A period of 21 days was re
quired to dry the joints from 12 percent, the moisture content
at which they were made, to 9 per cent. In an effort to speed
up the rate of drying, the joints were placed in a controlled
temperature =^nd humidity room for the second cycle of change
in moisture content. Through the use of calcium chloride, the
relative humidity was kept between 35 and 4? per cent. The
temperature v '^as maintained at llO^F. since the moisture in
wood moves to the surface faster when the wood is warm. Under
these conditions, 36 days were required to reduce "the moisture
content from 19 to 9 per cent.
The moisture content of the joints was increased by main
taining the relative humidity in the controlled temperature
and humidity room between 90 and 100 per cent. A Walton
humidifier^ ,whose oper^^tion was controlled by a Friez humidistat,
was used to maintain the relative, humidity at this level. The
temperature was kept at approximately 75°F. After I6 days under
these conditions, the moisture content had increased from 9 to
19 per cent. The moisture content of the joints was measured
with a Tag-Keppenstall moisture meter.
The effect of the changes in moisture content on the
physical appearance of the joints is shown in Figures 6 through
12. It is noted that the change in dimension of the members is
resisted by the glue line. Even in the 4-inch wide members
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(a), 2x4 joint at 9 per cent
moisture content
(b). 2x6 joint at 9 per cent
moisture content
Fig. 6 Effect of change in moisture content
on physic?il appesrance of 2 x 4 and
2x6*'?lued joints
'^a). Plain joint at 9
per cent moisture
content
C"b). Xerfed joint at 9
per cent moisture
content
Fig, 7. Effect of chanrre in moistnr»> content on
physical appsc:rance of 2x8 ^lued joints.
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this effect Is readily soparent as shown in Fig. 6(a). A
section through the center of this joint, shown in Fig. 11,
shows thst the glue line ^as not impaired anywhere through
out the joint. Both the 6- and S-inch wide Joints exhibited
signs of partial failure due both to warping-and shrinkage of
the -wood. Typical specimens of these wider Joints sre shown
in Figures 6(b) and 7* It will be noted in Fip, 7 that
splittinj^ of a member results -^hen the outer surface is free
to shrink, but the surface next to the glue line is restrained
and cannot shrlnlc.
There was no evidence of any separation of the members
in the 4-inch vdde Joints. In many of the 6- and 8-inch
wide Joints the members pulled apart around the edges of the
glue line. There was little Joint failure exhibited, however.
Close observation of these Joints revealed that the members
had never been bonded together at the points of separation,
for the glue line was hard and smooth on each member and
shov/ed no signs of failure.
A few of the wider Joints showed evidence of wood failure
around the edge of the glue line. Sections sawn through these
Joints revealed that the failure \ms only at the edges of the
Joints and did not extend far to7/ard the center. Fig. 8(a)
shows a section one-fourth inch from the edge of a 2x6 Joint,
A section through the cfenter of the same Joint is shown in
Fig, 8(b). These sections show thst the wood fibers adjacent
to the glue line have been pulled away from the member near
-3S-
(a). Section 'l/^ inch from edge of
Cb)* Section through center of joint
Fig. 8. Sections thrcu^Mi 2x6 ^tlued joint
r3?im?.?ed hy change? in moisture
content
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Fig, 9« Section showing depth of penetration
of wood failure of a 2x6 glued joint
that has undergone a change in moisture
content
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the edge of the joint, while the center of the joint is still
in good condition. To determine the depth of penetration of
this vvood failure, a section perpendicular to the two sections
described above vjas observed. This section which is shovm in
Fig. 9 reveals that the failure extended only a small distance,
less than 1 inch, toward the center of the joint.
Fig. 10(a) end (b) shows sections through the edge ana
center of a 2x8 kerfed joint. The condition of this joint is
similar to that of the 2x6 joint described above.
Ko change in the physical appearance of any of the joints
made from lumber of 1-inch thickness could be detected. The
glue line of these joints remained intact and the members
showed no evidence whatsoever of v^arping or shrinking.
There was a tendency for the nails to creep out of all
the joints made from lumber of 2-inch thickness. This was
probably due to the shrinkage of the wood parallel to the
length of the nail. This phenomena is shown in Fig, 12.
Many of the nail heads protruded as much as one-eight inch
when the moisture content of the wood was 9 per cent. When
the moisture content ??as increased to 19 per cent, the heads
of the nails became flush with the surface of the wood again.
Loading of .joints. Since the joints used in this study
were to be subjected as nearly as oossible to conditions
found in farm buildin.^s, it would seem logical to place them
under load while they were undergoing a change in moisture
content. 'Vhen the joint chanc'^s dimension, a stress is placed
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(a). Section 1/4 -Tnch from edg#^ of joint
(b)« Section through center of joint
Fl^. 10. Sections through 2x8 kerfed glue
joint showinf' dsma^^e caused "by
chancre in molstnre content
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F5.?, 11« Section thrnuFh center
of 2x4 glued Jrilnt ?t
per cent molatMre
content
Fig. 12. Exposure of nail heads
caused by drying of
2x8 "yluod joint
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on the glue line. Now if a load is placed on the joint, the
stress due to the load will add to the stress caused by the
change in dimension of the v/ood. The sum of these tv/o stresses
must necessarily be below the yield point of the joint; other
wise, the strength of the joint would be Impaired and its
usefulness for the test destroyed.
As glue joints yield very little under load until the
ultimate strength is reached, when the joint fails suddenly,
it is assumed that loads below the ultimate have no effect
on the durability of a joint. If from these tests it can be
determined how much a joint may be weakened by the change in
dimension of the wood alone, design loads may be determined
for joints using these data. For the above reasons, and due
to the fact that loading each joint would be extremely diffi
cult, no load was placed on the joints during their change in
moisture content. The difficulty in loading the joints is
due to the fact that not only must a constant load be kept on
the joint, but an intermittent load should also be super
imposed on the joint at various intervals. The constant load
would simulate a dead load, and the intermittent load would
simulate loads due to wind.
Testing of .ioints. k total of 3^0 joints were made for
testing in this study. These joints, which were divided into
four identical groups, were subjected to the following con
ditions:
Group At made at 12 per cent moisture content and
tested after a 14-day curing period
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Group Bj made at a moisture content of 12 per cent,
dried to 9 per cent, raised to 19 per cent,
and dried back to 12 per cent where the
joints were tested.
Group Cs carried thrnuf^h one complete cycle of
change in moisture content, as described
in Group B above, and then tested at 9
per cent moisture content.
Group D: same conditioning as Group C. ?yot tested.
The joints of Group D were to have been subjected to 3
cycles of change in molstiore content. However, as there tjas
not sufficient time to do this during the course of this
study, the joints of this group were left with the Agri
cultural Engineering Section of Iowa State College for further
conditioning and testing. They had been carried through one
and one-half cycles of change in moisture content when this
study was completed.
Each group comprised 90 joints made from lumber of the
following dimensions:
1x4 10 joints
1x6 10 "
1x8 10 •<
2x4 20 "
2x6 20 "
2x8 20 M
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As half of the joints made from the 2-lnch thick members of
each width were kerfed, there were a total of 9 different
divisions of 10 joints each in every fjroup.
The following numbering system was used so that each
joint could be referred to by an Individual number!
First, the group letter: A, B, C, or D
Second, a numeral which indicated the nominal
thickness in inches of the lumber used for
making the joint
Third, a numeral T/hich indicated the nominal width
in inches of the lumber used for making the joint
Fourth, for joints whose members were kerfed, the
letter "k" followed the width designation
Fifth, the individual number, ranging from 1 to 10,
of the joint in each division.
For example, joint B24k-8 was the eighth joint in the division
that was made from 2x4 lumber with kerfs sawn in the members
at the area of contact* This joint was subjected to one cycle
of chanf^e in moisture content.
The joints were tested in shear in a Southwark-Emery
testing machine having a capacity of 60,000 lbs, A testing
jig modeled after a design by S. M. Henderson (7) was used
to maintain alignment to make certain that the load was
applied parallel to the glue line* Details of this testing
jig are shown in Fig. 13, Fig. 14 shows the testing machine
and jig with a 2x4 kerfed joint being tested.
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Results tests. The results of the tests conducted In
this study are given in Table II. The age of the joints,
given in the table, is the number of days from the time the
joints were made until they were tested to failure. The per
cent of wood failure was an estimation based on the ratio
of wood to glue failure for each joint. Typicsl failures of
each size of joint are shown in Figures 15 and 16. It will
be noticed that the joints failed by rolling or splintering the
wood fibers adjacent to the glue line. Practically no glue
failure was detected in any of the joints tested. Several of
the 2x8 joints gave a low percentage of v;ood failure but this
was due largely to a poor rrluing job. These joints showed
evidence of being slightly warped before the glue set; hence,
large areas of the members were not bonded together.
The nails were not pulled from the blocks for testing as
they do not add to the strength of a glued joint. The Casein
Company of America (3,p.7) saysj
Shear tests show that nails or bolts add
no strength to a well-glued laminated
construction. Consequently they cannot
be regarded as reinforcement.
After the glue failed in a joint being tested, the nails
would continue to hold a comparatively small load. It was
noted that this load was in excess of the load that the nails
were capable of carrying alone. For example, 2x6 joints of
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Fig, 14-, Testing jig holding
2x4 kerfed Joint during
tftSt
Fl^. 15» Typical failures of
kerfed joints
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Group C resisted an. average load of 212^ lbs. after the glue
joint had failed. Tests on 2 x 6 joints made ^vith nails only
carried a maxinium load of only 1684 lbs. These tests indi
cate that a glued joint will carry a greater load than a
nailed joint even after the glue has failed. This added
load was probably due to the frictional resistance of the
wood fibers that were deformed when the joint failed.
-53-
Subsequent Tests on Size of Joints
The results of tests of joints in Group A indicated
that the unit strength of a joint varied inversely v;ith its
size as shovm in Table III.
Table III.
Variation of Unit Strength With Size of Joint
Nominal Area Ultimate
dimensions of unit
of joint joint strength
in. sq.in. Ibs/sq.in,
4x4 13.15 204
6x6 31*^3 15^
8x8 58.15 138
The following reason is advanced for this variation: With
a small glue joint, there is an approximately uniform dis
tribution of the applied load over the entire glue area;
whereas, with a large glue joint, the applied load is not
distributed uniformly over the entire glue area, but a large
portion of it is concentrated on the area near the point of
application of the load. Therefore, the large joint begins
to fail -when this localized stress reaches the ultimate unit
strength of the joint. The load is then redistributed to
the remaininn: area; but as this area cannot carry the full
load of the joint, it fails also.
As this variation of the unit strength with respect to
"54-
the size of the joint was seen to be significant, subsequent
tests v/ere conducted to determine!
1. Effect of area of joint on the unit strength
2. Variation of unit strength of joint -^vith respect to
Its width
3. Variation of unit strength of joint with respect to
its length
Construction of .1 oints
The joints for this study were inade from No. 1 Common
Douglas fir lumber having an avera.^e moisture content of
12 per cent. Details of joint construction are given in
Fig. 17. The width of the joints varied from 1 to 5 inches
in 1-inch increments. The length of the joints varied from
1 to 7 inches in 1-inch increments. By combining every width
with each length, a total of thirty-five different groups
was obtained. A minimum of ten replications w&s made for
each group, giving a total of more than 350 joints for testing.
Casein glue, made by mixing one part of Casco Grade A
glue powder with one part of water by volume, was used in
making all of the joints. The glue was applied to the lumber
with a stiff bristled paint brush, and the joint was as
sembled immediately v^th the grain of the members placed
parallel. Pressure was applied on the glue line by the use of
one 4d box nail for each 6 square inches of glue area. The
joints were cured for seven days at room temperature before
being tested.
-55-
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Fig. 18 shows the two extremes in size of joints
tested.
Numbering of Joints
A number of three digits was used to designate each
individual Joint. The first digit was the width of the
Joint in inches, ranging from 1 to 5? the second digit was
the length of the Joint in inches, ranging from 1 to 7;
the third digit was the replication number which ranged
from 1 to 10 for the Joints in each group. For example,
the Joint having the number 4-7-8 was the eighth Joint of
the group with a width of 4- inches and a length of 7 inches#
Testing Procedure
The Joints were tested in a Southwark-Emery testing
machine having a capacity of 60,000 lbs. The load was
applied as shown in Fig. 19#
Results of Tests
The results of the foregoing tests are given In Table
IV. Typical failures of Joints used in this study are shown
in Figures 20 and 21. Most of the Joints failed in a plane
adjacent to the glue line as shown in Fig. 20. However,
several of the Joints of 6- and 7-inch lengths of each width
group failed by splitting of the 2-inch member in the center
of the joint. This type of failure can be seen in Fig. 21,
-57-
Fig. 18, Range in size of Joints
tested in subsequent tests
Left, 5x7 Joint
Right, 1x1 joint
19« Testing Joints of subseauent
tests to failure
-58-
Fig. 20, Typical failures of
Joints with small
glue area
Fig. 21. Typical failures of large Joints
by splitting of center member
-59-
Table IV,
Relation between Size and Ultimate Unit Strength of Glued
Joints Made with Grain of Members Parallel
•e. Of
^olot Coatent
P«r east
11-1
U-S
U-3
11-4
ii-e
11-6
11-7
ll-B
11-9
11-10
12-1
12-e
12-3
12-4
12-B
12-6
12-7
12-8
12-S
12-10
U-1
ld>2
19-S
lA-4
U-»
13-6
13-7
13-6
13-0
13-10
14-1
14-2
14-3
L4-4
14-S
14-0
14-7
14-8
14-e
14-10
16-1
16*2
16-3
16-4
16-6
16-6
U-7
16-e
16-9
16-10
16-1
16-2
16-3
16-4
16-6
16-6
16-7
16-6
16-9
16-10
ie-11
12
Curing Lead At UlUaata FAllure
Period Fallurt Oalt f *eed
Dare Lbt. Uieerlog
Straee
l^e/eq.ln.
7 1480 740 90
• dd» 442.6 40
• X210 606 76
• 1350 666 40
• 1226 612.6 80
• 1460 730 80
fl 1010 006 20
• 1490 746 70
• 1740 870 96
fl 1210 007.0 80
1M& 602.6 87
7 2ZBt 691 40
R ^250 812.6 60
i 4326 1081 100
• 3460 866 60
• 1986 496 60
• 3760 937.6 60
« 3470 867.6 80
$ 4210 1062.6 40
f 3186 796 60
• 2166 641 90
AftTftgt: 3209 802.2 61
7 4720 796.7 60
3386 664.2 40
• 3660 610 60
• 6296 862.6 100
• 4610 768.6 40
• 3430 671,7 60
1 4116 686.8 40
t 3390 666 90
• 3790 631.7 30
• 4016 669.2 60
4041 673.6 66
6 6940 866 30
• 7029 877.0 90
• 6080 780 60
« 6650 818.8 30
• 6360 072.6 80
t 6390 861.3 100
t 6380 797.6 40
• 4360 646 30
• 6940 472.6 60
• 6930 741.3
Avaraff: S1S7 767.1 62
e 9200 920 100
• 3930 893 60
a 8130 813 20
t 9260 926 40
• 8110 811 90
• 7760 776 40
i 6400 640 30
• 7860 788 100
fl 7110 711 76
• 6620 662 30
Av«roi^:! 7926 792.6 69
e 7280 606.7 100
• 7190 699.2 60
• 8210 684.2 40
t 6710 069.2 80
t 7990 666.8 99
• 6760 603.3 80
• 6760 481.7 70
» 8370 697.6 60
f 7210 600.8 90
f 6420 036 60
i 8310 692.6 90
7294 607.8 76
10. or
Joint
17-1
17-2
17-3
17-4
17-6
17-6
17-7
17-6
17-9
17-10
17-11
Holitura
Content
Ptr emt
CurlaB
period
Dayi
Lead At
•••llure
Lbe.
9200
9640
eoeo
7210
8760
9160
9970
96S0
9150
8600
9400
Ultiute
Unit
eiwerlng
Btraac
Lba/iq.tn.
667
661
S77.1
616
626.7
664
712
682
653
614.3
971
Palliira
i wod
100*
100»
30
60
60
100*
lOO*
100*
100*
100*
100*
Average: 9976 841 86
21-1 12 7 2690 638.8 20
21-2 • 3106 776.3 60
21-3
t 3^30 957.6 90
21-4 • 2930 630 100
21-6 I 2626 61.3 100
21-6 • 1866 466.3 eo
21-7 • 3000 876 40
21-8 6140 1260 90
21-9
1 < 3090 772.0 30
81-10
•
• 2990 746 BO
Average: 3111 777.8 69
22-1 12 7 9780 1222.6 00
22-2 « 8460 1067.9 00
22-3 • 9910 1«3B.8 100
Z2-4 6730 841.3 9o
22-8 • 6110 763.8 60
22-6 f 7640 942.9 40
22-7 • 9000 1126 30
22-8 7440 930 go
22-9 a 9000 1120.6 100
22-10 t 0080 760 40
Average: 8000.6 1000.7 60
23-1 12 7 10390 866.8 100
23-2 • « 9190 760.8 40
23-3 c 9340 779.3 95
23-4 • 7090 090 90
23-9 t 9360 780 70
23-6 a 13280 1106.7 100
23-7 t 14000 1106.7 70
23-8 • 11510 969.2 60
23-9 > • 10140 840 40
23-10 • 9610 792.0 4C
23-11 7190 699.2 30
Average: 10090 840.8 66
24-1 12 7 8iM0 021 30
<!4-2 • 8960 409 20
24-3 • 11120 696 30
24-4 • 0940 371.3 20
34-0 • 8160 610.9 30
24-6 ( 6360 397 20
24-7 1 7440 406 20
24-8 • 11000 687 30
24-9 • 6230 389 40
24-10 f 6990 372 40
24-11 • 9120 670 30
24-12 • 9690 605.6 SO
24-13 • 8310 5?0 20
24-14 « 11230 703 60
24-16 • 10480 663 20
24-16 • 6470 404.6 40
24-17 • 7480 467 30
24-18 • 11840 740 40
24-19 • 9860 616 70
24-30 • 9660 604 20
24-21 1 11800 739 60
24-22 • 11810 726 60
Average: 8800 663.1 36
• food failed In eoapreeaionsthera «ae m gloe fetlHr*.
M. Of
JeiBt
8B-8
26-9
ee-4
e»-e
efr-e
86-?
e6>B
e»-io
8iy-ii
C6-12
86-13
£6-14
e6-i6
8»-16
e»-w
£»-lfi
ee-e
86-8
BS-4
ee-s
2^6
88-7
M-a
e«-9
«e-io
86-11
86-18
ee-u
ee-14
80-lS
86-16
86-17
86-la
86-10
27-1
87-8
87-5
8^-4
87-8
87-6
87-7
87-8
87-9
87-10
87-11
87-U
87-15
51-1
51-8
51-9
31-4
91-S
91-e
51-7
91-a
51-8
98-1
98-8
98-5
58-4
58-6
58-6
58-7
58-fl
58-9
58-10
92-11
58-18
58-19
58-14
98-16
58-16
58-17
Hoittur*
Contaat
Par eaot
Curing
Parlod
Daya
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Table IV. (Continue
Load At DltlMt* rallnra H«. 0!
rallttra Unit 1 food Joint
U)«. Bbaarlog
Straaa
Lba/aq.In.
15710 686.6 40 55-1
11860 665 40 55-8
19900 696 100* 55-5
14910 746.6 40 55-4
iie«o 685 50 59-6
10880 8U 60 55-6
10850 611.6 40 55-7
12190 606.6 50 55-8
11800 690 60 55-9
11040 668 60 55-10
10840 648 60 35-11
16900 846 60 55-18
18580 616 70 55-19
12660 687.6 70 55-14
10470 689.6 40 55-1&
7980 596 60 55-16
14160 706 30 55-17
15870 695.6 70 55-18
18816 610.8 M
18870 658.5 60 94-1
10170 484 90 94-8
16840 877 100» 94-9
19640 686 90 54-4
18810 656 80 54-8
16740 897.6 60 94-6
11690 488 90 34-7
11840 469.6 00 54-S
10400 454 100 54-9
loeoo 448 60 94-10
189S0 640.6 80 54-11
16160 658 90 54-18
16080 668 70
17900 781 60
14740 614 70
3S-1loeoo 461 90
19670 666 60 56-8
16600 847 90 56-3
14840 694 50 56-4
56-6
15608 685 86 96-6
56-7
14560 615 80 56-8
14840 650 60 56-9
18840 468 80 56-10
19940 498 70
16960 634 70
17400 681 100*
58-118670 449 10
18880 468.6 80 58-8
m60 468.6 40 S8-9
12480 446 50 98-4
16600 683.6 80 58-6
15640 484 50 38-6
18880 868 100» 56-7
58-8
14616 618 65 56-9
36-10
8600 416.6 70 38-11
5680 603.5 70
5680 698.5 90
6876 979.8 70
8660 441.8 80 57-1
1770 896 80 37-8
1990 551.7 60 97-5
5800 653.5 80 57-4
8866 577.6 70 37-6
57-8
5061 608.6 76 57-7
57-B
5876 588.9 80 37-9
9440 888.7 80 57-10
64«0 466 70 57-11
6050 419.8 80
6060 421.7 100
8840 186.7 90
5480 886 70 41-1
66»0 474 100 41-8
6670 478.6 100 41-3
4720 399 100 41-4
8560 897 100 41-6
10850 868.6 90 41-8
6640 461.7 96 41-7
8680 716 100 41-8
8080 688 100 41-0
7180 695 100 . 41-10
6600 468 100
6780 480 89
Avaraga;
18
18
ATaragas
wood aplltj glM dl4 Mt fall.
Kolatura
Contant
Par cant
Curing Load At UltlMta P«il(
Parlol FUlura ttelt i «
Oaya Lba. Shearing
Straaa
t^a/aq.ln.
1 8500 560 10
6810 318 80
5880 188.8 10
5080 187.8 80
6540 898.6 10
6580 898 80
8000 444 40
5800 811 80
4800 855 10
6980 587 50
8080 358.6 80
7880 487 100
8880 491 100
8500 461 100
7660 419 100
8840 547 100
7080 595 100
7880 401 100
Avaragai 8180 548.8 61
7 7080 894 90
10080 480 60
8550 884 80
t 6980 848.6 40
* 10780 449 80
4 8990 891 80
• 7880 587.6 40
• 8960 890 80
• 7800 586 80
• 5080 811.8 10
» 7680 515.8 8
• 8580 866 10
73B8 908 91
7 7880 842.7 10
t 11780 B98 «0
• loeio 880.3 40
• 14780 498 80
• 8000 888.7 80
• 18960 451.7 50
• 11680 584 80
• 14980 497.3 80
• 18880 417.9 70
• 16680 618.7 40
18008 400.5 40
7 18910 470 80
• 8980 858 10
• 18980 470.8 80
• 9900 876 90
0 11040 907 90
• 8880 848 50
• 18970 580.6 70
• 16000 417 98
• 11840 515 40
• 14470 408 W
• 9710 870 90
i£9e? 545.6 60
7 84600 868 90
• 80578 486 80
« 85800 665 70
4 18800 400 80
• 188S0 445.6 98
4 87800 867 80
* 14700 980 SO
85160 668 80
• 89486 688 70
4 84160 876 80
• 17000 408 80
Avar 2 81899 608.6 74
7 1670 198.5 50
•
8456 504.4 80
• 8X60 888.8 40
• 8866 881.9 100
• 5510 415.8 80
a 5mo 488.8 100
a 5566 419.5 100
• 5888 4ao 100
• 4800 886 100
• 4886 871 100
Avaraga; S0S4.6 S88.8 88
18
18
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Table IV. (Continued)
«o. or loiatur* Curing Load At Ultlaat*
Joint Cofltant Parlod fajlura Unit
Far cant D»r* Bbaarlng
Straaa
Lbs/aq.In.
Failure
t Veod
«2-l 12 7 3725 233 70
42-2 • 2096 131 60
42-3 5X0 312 100
42-4 4326 870.9 90
42-6 3570 283.9 99
42-« 6150 384 00
42-7 5360 337 90
42-e • 7460 466 90
4S-9 6550 409.5 30
ATarsgai 4916 307 72
43-1 le 7 9260 see 60
«»>e • B470 353 90
43-3
• 5950 - 231.9 30
43-4 I • 0330 347 90
4S-S < • 9760 407 90
43-6
• • 9700 404 90
43-7 « • 7100 896 80
43-8 • • eaoo 283 SO
43-d ( • 5230 218 90
43-10 • • 14690 611 90
Averafie: 6488 353 69
44-1 le T 18170 380 80
44-2 • 11720 367 80
44-3 a • 135B0 424.9 60
44-4 • 9000 850 60
44-5 • • 17020 632 70
44-6 « • B070 284 70
44-7 1 • 14250 449 80
44-a • • 10020 313 70
ATersge: 11979 374 71
45-1 12 7 11110 877.8 60
4fr>2 • • 7840 196 30
45-3 • • xi2nn 882 40
46-4
• t 9630 842 90
45-5 • 10970 874.3 80
45-6 N • 4350 ioe.8 20
45-7 « • iiseo 282 60
45-e • " 11290 282.3 70
45-9 • • 11040 276 80
46-10 ( • 9960 849 90
Average: 9880 247 91
46-1 12 7 19860 402 80
46-8 « 0 26260 587 80
46-3 t » 21600 450.5 70
46-4 • • 19000 396 80
4&'5 • 1 26150 544.9 99
46-6 • • 23100 482 90
46-7 M • 22100 461 95
46-9 <1 « 82400 467 86
46-9 • t 86350 550 100
46-10 • a 17000 354 90
46-11 t 18700 390 50
Average; £1901 497 86
47-1 18 7 82100 395 100
47-2 t 4 89375 584.9 100
47-3 4 fl 21550 386 60
47-4 • • 86550 475 60
47-6 fl • 28900 616.5 90
47-9 • • 20850 373 70
47-7 fl • 26700 477.5 80
47-e
• • 87900 4S9 90
47-9 fl • 83850 415 100
47-10 • • 83300 417 70
47-11 • ' 86050 465 90
Avar«c«: 29139 449 82
Ho. or
Jelet
Sl-1
61-2
Sl-9
61-4
61'»
si-e
61-»
51-9
61-9
51-10
Sl-11
6S'l
52-2
62-3
SZ-*
52-3
S2-e
BS-?
52-9
S2-9
55-1
bi-2
6J.3
U-4
53-5
53-6
W-7
fid-a
i>i-9
5«-l
5«-2
il-i
i*-t
54-S
54-S
5«-7
54-B
64-0
54-10
55-1
55-8
56-3
55-4
55-5
5fi-e
66-7
55-9
55-9
65-10
85-11
5»-l
56-2
56-3
56-4
56-5
56-6
56-7
56-e
56-fl
56-10
57-1
57-8
57-3
57-4
l?:|
57-7
57-8
67-g
57>10
67-U
aelaiiur«
content
Per cent
18
Curing Lead At Ultlaate Pallui
Period Failure Unit S Vo<
Dare Lba. Shearing
Streti
Lbe/sq.ln.
7 3360 336 70
fl 7100 710 70
• 6400 640 100
• 1440 144 60
• 4860 486 90
• 6400 640 SO
t 5930 59B 90
« 2900 8B0 40
• 6040 604 40
• 4050 405 100
• 8400 940 lOO
Aver«gt: 5181 518.1 75
7 8080 404 96
t 12440 682 100
fl 11980 699 90
* 8020 401 70
• 9880 494 100
• 6400 320 80
• 8670 433.5 90
« 10160 508 100
fl eceo 304 80
9079 454 B6
7 11900 396.7 60
fl 8200 873.3 50
• 81600 716.7 70
9 16000 533.3 30
fl 10120 337.3 90
• 10500 343 3 95
fl 8530 284.3 CO
• 16460 548.7 90
• 9860 389.3 80
Av«r«e0: 18643 413.6 74
7 17680 448 20
• 6840 246 80
• 10760 a6S 8 50
• 14360 359 30
4 1S870 471.6 90
fl 19820 4BS.5 qo
0 10.«0 851.5 30
• 10320 298 60
• 18920 383 90
• 14800 395 40
Avtraga: 13882 347.1 49
7 16000 380 90
• U900 239 90
12950 337 80
fl 14090 <281 90
fl 10400 209 10
• 11986 ?38.5 70
fl 8375 177.5 70
t 14675 291.5 60
• 14325 896.5 90
• 84780 495 100
« 19700 394 90
Average: 19168 303.4 75
7 30000 500 100
fl 86850 447.5 90
• 84575 409. S too
• 30100 601.7 IOC
a 33850 564.8 100
« 88750 477.6 96
i 89650 494.2 90
• 86826 447,1 95
• 30500 503 3 90
• 31400 623.3 IOC
Avfrr«g»s 29850 497.5 96
7 36150 516.4 90
t 35800 511.4 100
• 358O0 502.9 100
• 85050 367,9 BO
4 32700 467.1 100
• 88500 407.1 95
fl 30450 436 100
• 30100 430 90
• 34500 493 95
• 39650 666.4 100
• 36700 610 100
Average: 33073 472.8 94
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Table V.
Specific Gravity of Joints by Width
Width No. of samples for Average Correction
of which specific gravity specific factor
joint was determined gravity
in.
1 26 0.525 1.177
2 29 0.545 1.242
3 36 0.472 1.000
4 32 0,498 1.083
5 37 0.506 1.113
Table VI.
Average strength of joints "by V/idth
Width of
joint
Actual strength
of group
Corrected
strength*
in. Ibs./sq,in. Ibs/sq.in.
1 705.4 600
2 706.7 569
3 412.7 412.7
4 367.5 349
5 427.2 384
Table VII.
Average Strength of Joints by Length
Length of
joint
In.
Actual strength
of group
in.
Corrected
strength*
1 hsi/fin. in.
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Such failures indicate that the horizontal shearing strength
of the wood is the limiting factor in long glued Joints.
Because it was not possible to make all the Joints from
wood having the same specific gravity a correction for the
strength of each group had to be made. The variation of the
strength of wood with relation to its specific gravity for
a given species may be computed by using the following formula
(14)1
S = K
where:
S = the linit strength of the individual specimen
K = a constant varying with species
G = the specific gravity of the specimen
In a glued Joint the strength of the wood is the limiting
factor as the glue is stronger than the wood. Table V gives
the average specific gravity of each width of Joint and the
corresponding correction factor based on the formula above.
The value of unity was assigned as the correction factor of
the 3"lnch wide Joints, since this group had the lowest speci
fic gravity of all the Joints. The correction factors for
the other widths were computed relative to this value for the
purpose of comparing the strength of the different sized
Joints. For example, the correction factor of 1.177 computed
for the 1-inch width group means simply that the wood in the
Joints of this group is 1*177 times as strong as the wood in
the Joints of 3-inch width.
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The actual and corrected unit strengths of all joints
by width are given in Table VI. Table VII gives the actual
and corrected strength of all joints by length. The value
for the corrected strength given in these tables was ob
tained by dividing the actual strength of each group by the
correction factor given for that group in Table V,
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DISCUSSION
Analysis of Results
Loss of Strength due to Changes in Moisture Content
The unit strengths of the joints tested prior to a
change in moisture content ranged from 127.5 lbs. per square
inch for the 2x8 Joints to 256.5 lbs. per square inch for
the Joints made from 2x4 lumber. All of these values are
much lower than those obtained in tests conducted by Giese
and Henderson (7) on the strength of similar Joints. Using
casein glue and Douglas fir lumber of 4-inch width, they
made Joints which failed at a unit stress of 443 lbs. per
square inch. Results of tests in this study correspond
more closely with those obtained by Skinner (23) in his
study of glued Joints made from unsurfaced lumber. Joints
made with resorcinol-resin glue from unsurfaced Douglas fir
lumber of 1x4 and 2x4 dimensions gave an average unit strength
of 246 lbs. per square inch.
The reason for the comparatively low strength of the glue
Joints tested in this study evidently is due to differences
in the strength of the wood used. The small variation among
the strength of the Joints in each group and the high percentage
of wood failure implies that good glue Joints were obtained,
A comparison of the strength of the Joints used in this
study is given in Table VIII. The variation in strength
among the different groups was most pronounced in the 2x6 and
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2x8 joints. One reason for this was that a poorer gluing
job was performed on these larger members. This fact was
evident from the per cent of wood failure obtained when these
joints were tested. It appeared from the failures which were
inspected that the members were slightly warped before the
glue set. Large areas of many of these larger joints showed
no wood failure at all.
While this loss of strength is significant, it is not
prohibitive. The greatest loss for any particular size of
joint was exhibited In the 2x8 joints. The 2x8 joints tested
at 9 per cent moisture content were 27 per cent weaker than
the average strength of all Joints of this size tested at
12 per cent moisture content. The fourth column of Table VIII
gives this value for every size of joint.
It should be pointed out that, as wood dries, it increases
in strength. Thus, wood is stronger at 9 per cent moisture
content than it is at 12 per cent. When glue joints dry, this
increase in strength tends to off-set the loss in strength
due to the dimensional changes of the members. However, when
a glue joint has its moisture content increased, not only is
the ultimate strength lowered because of the pre-stressed
condition of the joint, but the wood also decreases in strength,
This leads to the conclusion that the ultimate strength of a
glued joint Is lowest at its highest moisture content.
Effect ^ width ^ members. In general the strength of
the 4-lnch wide joints was not affected by a change in moisture
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Table VIII.
Comparison of Strength of Joints
by Groups
Group
Average
ultimate
unit
shearing
strength
Change in
unit
strength*
Change in strength
of Group C with
respect to average
of Groups A & B*
Wood
failure
Ibs/sq. in. Ibs/sq.in. per cent per cent
A14
B14
C14
175
198.5
197.5
+23.5
+22,5 +5
81
99
95
A24
B24
C24
256.5
239 ^
245.5
-17.5
-11 -1
90
94
99
A24k
B24l£
C24k
191.8
219
226
+27»2
+34.2 +10
98
95
A16
B16
C16
117.8
134
101
+16.2
-16.8 -20
82
86
78
A26
B26
C26
205
188.3
155.3
-16.8
-49.7 -21
84
87
85
A26k
B26k
C26k
144.1
141.5
111
-2.6
-33.1 -22
U
75
Al8
BIS
C18
190.5
215
178
+24.5
-12.5 -12
77
93
91
A28
B28
C28
127.5
143.2
97.7
+15.7
-29.6 -27
g
75
A28k
B28k
C28k
97.3
111.6
91
+14.3
-6.3 -13
89
90
95
-indicates a loss in strength
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content. The difference in strength of the 1x4, 2x4, and
2x4k joints of Groups A, B, and C Is a normal variation.
The joints made from the lumber of 6-inch width and
tested at 9 per cent moisture content showed a marked decrease
in strength* This suggests that a rather large stress was
already exerted on the glue line due to the change in mois
ture content* As the stress caused by applying a load added
to the stress already present, the joints failed under a
smaller load than similar joints of Groups A and B. This
same effect was evident In the 8-lnch wide members which were
tested at 9 per cent moisture content. Contrary to what was
expected, however, the loss in strength was slightly less
for these joints than for those of 6-lnch width.
Effect ,of thickness of members- The jolnts made from
1-lnch thick lumber showed less variation in strength among
the three groups than those made from lumber of 2-lnch thick
ness. However, the difference was slight. The average loss
of strength of all 1-lnch members tested at 9 per cent moisture
content with respect to those tested at 12 per cent was 9
per cent. This loss for the joints made from 2-lnch members
was 12 per cent,
££ number o£ cycles. Due to the fact that it took
longer to change the moisture content of the glue joints than
was anticipated, little conclusive data was obtained on this
problem. The results of tests of joints from Group B indicate
that a cycle of change in moisture content has no effect on
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the strength of a glued joint, regardless of size, so long as
it is tested at a standard moisture content* The fact that
the Joints of Group B were as strong as those of Group A
substantiates this statement. Whether a joint might be
weakened by several cycles of change in moisture content
cannot be determined from this study. It is probable that the
fluctuation in moisture content of a joint over a period of
several years might cause the joint to deteriorate.
Effect of kerfs in members- The joints that were made
from kerfed members were weaker in every case than those made
from plain members. This was to be expected since they had
slightly less glue area than the plain joints. The purpose in
sawing the kerfs was to minimize the effect of the dimensional
changes of the members and to reduce their ability to warp.
However, they did not accomplish their purpose to any marked
degree. As noted in Table VIII, the loss of strength of the
kerfed joints was substantially as great as the loss of the
plain joints.
There is a possibility that by sawing the kerfs on the
back side of the members, i,e,, the side away from the glue
bond, a superior joint to any used in this test could be
obtained, A joint made in this manner would utilize the
advantage claimed for the kerfs without decreasing the glue
area of the joint. However, there seems to be little justi
fication for the extra labor required in kerfing the members.
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Factors involved in durability of glued .joints. Little
conclusive information was obtained in this study on the
durability of glued joints undergoing changes in moisture
content. A. discussion of the factors involved in this pro
blem may be of interest for further study.
Once the glue has become hardened the glue line of a
joint resists any change in dimension of the members. As the
wood fibers adjacent to the glue line attempt to expand or
contract, they exert a stress on the glue line. Since the
glue is stronger than the wood, any failure in the joint would
occur in the fibers of the wood. This failure normally occurs
by tearing or rolling the wood fibers adjacent to the glue
line. If the change in dimension of the members is great
enough to separate the wood fibers bonded to the glue from
the rest of the member, the durability of the joint is im
paired.
Data obtained in this study indicate that the change in
dimension due to expansion and contraction was not great enough
to impair the quality of the joint in any of the sizes studied.
The failure of the wood fibers shown in Figures 8 through 10
was evidently due to warping of the members, as other members
of the same dimensions showed no evidence of failure. Since
all members of a given dimension should shrink or swell ap
proximately the same for a given change in moisture content,
this difference must be attributed to differences in warping
tendencies of the members.
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On the basis of the results of tests conducted in this
study, the following design stresses are recommended for
glued joints of the type used in these tests when such joints
are to be located in unheated buildings on the farmi
Size of joint Recommended design
in inches stress in Ibs/sq.in^
4x4 or less 100
6x6 75
8x8 50
These are approximately the values obtained when a factor
of safety of 2 is applied to the unit strength of the weakest
group in each size bracket.
Variation of Unit Strength with Size of Joint
The over-all size of a glue joint is not the critical
factor in determining its unit strength. For example, in
subsequent tests made on the size of joints, it was found
that the average strengths of a 2-inch square joint, a 1-inch
wide by 4-inch deep joint, and a 4-inch wide by 1-inch deep
joint was 1000, 767, and 386 lbs. per square Inch respectively,
As all of these joints have the same glue area, it is evident
that area alone has little influence on the unit strength of
a glue joint.
Width of .1 oint. The relation between width of joint and
unit strength is shown graphically in Fig. 22. The values
given for the unit strength are the corrected values based on
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the correction factors given in Table V. The unit strength
drops sharply after a width of 2 inches is passed. However,
it tends to level off for 3-, 4-, and 5-inch widths.
This study was not sufficient in scope to determine
accurately the relation between width and unit strength of
a Joint, Joints of widths up to 10 inches should be studied
to determine the nature of the curve beyond 5 inches.
Lengtt^ of .1 oint. The length of joint has much less
influence on its unit strength than the width. Fig. 23 shows
that the curve representing the relation between the length
and unit strength of glued joints approaches a horizontal line.
The variation among joints of different widths is very great,
as is noted from the wide spread of the curves shown in this
figure.
It was noted in the study of the effect of changes in
moisture content on the strength of glued joints that the
1x8 joints had a much higher unit strength than the 2x8 joints.
This was due to a difference in testing procedure. Because
of the difficulty of testing the 1x8 joints as such, they were
sawn into four 3x4 joints prior to testing. Their unit
strengths compare favorably with the joints made from the
4-inch wide lumber. If they could have been tested as 1x8
joints, their unit strength would undoubtedly have been much
lower.
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Discrepancies
Factors Causing Discrepancies
Factors causing discrepancies in the tests of this study-
may be listed under two headst variation of wood and testing
procedure. Further study on problems related to the use of
glue in farm building construction should obtain more accurate
results if these two factors are taken into account.
Variation of wood. Different specimens of wood vary
greatly in their physical properties. Kven among samples of
the same species, such factors as moisture content, specific
gravity, direction of grain, and defects vary greatly and
exert a definite influence on the strength properties of the
wood. The most important variable in this study was the spe
cific gravity of the wood. As noted in the study on the
variation of unit strength with the size of joint, this fac
tor is very significant in determining the ultimate strength
of a glued joint*
The specific gravity of the wood was not considered in
the study of the effect of changes in moisture content on the
strength of glued joints. Much of the variation among different
groups of joints may be due to this factor alone. In the study
on joint sizes, the specific gravity was determined for several
samples of each width. It is suggested that further study
should take into consideration the specific gravity of the
wood in each joint in order that this variable may be controlled.
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Fig. 24. Failure of 1x4 joint by crushing
of wood fibers under load
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Testing procedure . In testing the joints glued with the 
grains of the members perpendicular, it was necessary to 
apply the load perpendicular to the grain of one member . The 
s t rength of Douglas fir in compression perpendicular to the 
gra i n is low , and in many cases failure of the joints was due 
to the crushing of the wood before the glue bond was damaged . 
This type of failure is shown in Fig. 24. Failures of this 
type necessitated the sawing of J.x8 joints into smaller joints 
so that the glue bond c ould be tested to failure . In some 
instances it was impossible to tell whether the joint failure 
was due to crushing and bending of one member or to failure 
in shear . 
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SUimARY AND CONCLUSIONS
The ^oint Is the weak point in wood construction. Present
fastening devices for wooden members such as nails, bolts, and
patented timber connectors fall far short of developing the
full strength of the members to be joined. Through the use of
glue, joints, can be made that utilize the full strength of
wooden members, because the area of contact at the joints may
be increased to almost any desired amount.
It has been proven that good glue joints may be made under
field conditions and that no equipment other than what is
normally found on every farm is needed in making them. The use
of glue has many possibilities in improving the structural
performance of farm buildings. There are, however, a few sig
nificant problems involved In the use of glue for such purposes.
The purpose of this study was to investigate one of these
problems.
Wood is a hygroscopic material which is ever changing its
moisture content in an attempt to maintain equilibrium with the
surrounding atmosphere which changes its state from hour to houE
This change in the moisture content of wood is accompanied by a
change in its dimensions. Wood shrinks when it dries and
swells when it takes on moisture. When two wooden members
are glued together, any change in dimension is resisted by the
hardened glue film between them. Thus, a change in moisture
content of the members of a glued joint occurring after the
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glue has become hardened Imposes a stress on the glue line.
It is conceivable that if the members Joined were large enough
and the change in moisture content great enough, the magnitude
of this stress would reach the ultimate strength of the joint
and failure would result.
In this study glued joints made from lumber of dimensions
commonly used in framing farm buildings were subjected to
changes in moisture content to determine if their strength
was impaired. Cross-grained joints were made with resorcinol-
resin glue from 1x4,1x6, 1x8, 2x4, 2x6, and 2x8 dimensions
of No. 1 Common Douglas fir lumber. These joints, which were
made under field conditions with the wood at a moisture content
of 12 per cent had their moisture content changed through a
range of 10 per cent. This range of change in moisture con
tent, from 9 to 19 per cent, is slightly more extreme than
the actual change occurring in wood in farm buildings in most
sections of the United States.
All joints were tested in shear by applying the load
perpendicular to the grain of one of the members, which is
the normal loading condition for joints of this type. To
serve as a check, one group of joints was tested before any
change in moisture content had taken place. A second group
had their moisture content decreased to 9 P©r cent, increased
to 19 per cent, and were then tested after they had been
dried to 12 per cent. A third group was carried one step
further than the second group and tested at 9 per cent
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moisture content.
The results of the tests conducted in this study seem to
warrant the following conclusions:
1. Dimensional changes of the members of a glued Joint
occurring after the glue has become hardened are
resisted by the glue line. The magnitude of the
stress thus imposed on the glue line varies directly
with the magnitude of the change In dimension. This
stress subtracts from the ultimate strength of the
joint.
2. The dimensional changes of lumber ranging up to
8 Inches in width and 2 inches in thickness are not
great enough to impair the quality of glued joints.
3. Glued joints made from members with a width of 4
inches or less at 12 per cent moisture content
showed no appreciable loss in strength when tested
at 9 per cent moisture content.
4. Glued joints made from members of 6- and 8-inch
widths at 12 per cent moisture content showed a
marked decrease in strength when tested at 9 per cent
moisture content.
5. strength of glued joints made from lumber of 2-inch
thickness is affected only slightly more by changes
in moisture content than the strength of joints made
from 1-inch lumber.
6. Physical appearance of glued joints is not a reliable
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indlcatlon of their comparative strengths.
7. A cycle of change in moisture content has no effect
on the strength of glued joints regardless of their
size so long as they are tested at the same moisture
content. For example, 2x8 joints made and tested at
12 per cent moisture content are no stronger than
similar joints made at 12 per cent moisture content
and then subjected to a cycle of change in moisture
content ranging from 9 to 19 per cent, if the latter
are also tested at 12 per cent.
8. Tensile stresses on the glue line caused by warping
of the members are often great enough to cause
partial failure of the wood fibers near the edges
of glued joints made from 2x6 and 2x6 members.
9* From an analysis of the factors involved, it would
seem that the ultimate strength of glued Joints is
lowest for high moisture contents,
10. Applying a factor of safety of 2 to the average
strength of the weakest group in each size bracket,
the following design stresses are recommended for
cross-grained glued joints to be located in unheated
farm buildings*
Size of joinik Recommended design
in inches stress in Ibs/sq. in,
4x4 or less 100
6x6 75
8x8 50
-82-
11» Kerfing of members to be glued is not recommended,
since it has little value in minimizing the effect
of dimensional changes of lumber.
12. Glued joints that have been tested to failure will
still carry a greater load than nail joints due to
the frictional resistance of distorted wood fibers.
13. The unit strength of glued joints varies with the
size of joint.
14. For glued joints made with the grain of the members
parallel, the width of the joint is the dominant
factor in determining the unit strength.
15. The specific gravity of wood must be considered in
comparing tests of glued joints.
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In the course of this study several problems were
encountered which seem to warrant further study. These
problems bar the way to the intelligent use of glue in
farm building construction. Their solution should pay
dividends In Improved design, more economical construction,
and better structural performance of wooden frame struc
tures. They are presented here In the hope of evoking Inter
est in the minds of everyone connected with research in farm
structures.
1. Strength and behavior of full size and model trusses
and arches made by using glue to join the members.
Factors to be studied: rigidity, deformation and
deflection, and load carrying capacity.
2. Test of wall sections made by using glue to join
sheathing to studs and studs to sills to determine
the following:
a. Value of gluing siding to studs.
b. Comparison of load carrying capacity of test
wall with previous tests on different types
of walls.
3* Strength of glued Joints at different moisture contents
Determine the effect on the load carrying capacity
of the joint for changes in moisture content after
construction. Joints should be tested at all moisture
contents which they could attain in farm buildings.
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a. Make joints at several different moisture
contents, ranging from high to low, to
determine which gives the strongest Joint
after a normal change in moisture content.
4-. Further study on the effect of size of Joint
on unit strength to determine which is the governing
factor, width or length of Joint,
a. For Joints made with grains parallel.
h. For Joints made with grains other than parallel.
5. Effect of repetition of loading glue Joints to
determine If Joints are weakened by repeated loading.
If so, determine whether the endurance limit is
critical in the normal life of a farm building.
6. Effect of rate of application of load on the ultimate
strength of glue Joints to determine if glue Joints
are as effective in carrying shock loads or impact
loads as they are in carrying slowly applied loads.
7. The application of known deslp:n data embodying the
use of glue for the improvement of specific farm
buildings, e.g., the one story dairy barn.
8. Long term loading of glued Joints to determine if
Joints weaken after being loaded near their maximum
for a period of time.
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